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(57)Abstract: 

PURPOSE: To satisfactorily shorten the time for 
transition to a 2nd density state without deteriorating an 
electrochromic (EC) layer by monitoring a 1st voltage 
actually impressed on the EC layer and comparing the 
same with the 2nd voltage corresponding to the 
prescribed coloring density. 

CONSTITUTION: Voltage VS of a comparing terminal 
16b of a voltage comparator 16 is previously set at 
VS=V2. A common terminal 1 2a and selection terminal 
12c of a switch 12 are connected. The voltage VC of the 
terminal 1 6a and the voltage V2 of the terminal 1 6b are 
compared in the voltage comparator 1 6 and a voltage 
source 14 is so controlled that the output of the voltage 
source 1 4 attains a voltage VF for coloring in the case 
of VC<V2 in the result of the comparison and the output 
of the voltage source 14 attains a voltage VR for 
decoloring in the case of VOV2. The common terminal 
21a and selection terminal 12b of the switch 12 are then 
connected for a prescribed period of time and the 

overvoltage of VF or VR is impressed on an EC element 10. Such stages are alternately 
repeated until the difference between the voltage VC and V2 attains the difference within a 
prescribed permissible range. The time for transition to the 2nd density is thereby satisfactorily 
shortened without deteriorating the EC layer. 
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1 

jESr^=^— Hi (oml^isuiEB»fa«>^fe^s«^c:^t 
— 5^ 2 oUffi ^tt^ Loo, 

mm 1 ro«JI:*SH 2 0«£E i "9 2 
JilSH 1 <73SJI tfS2 ©mJE t «0^>5SBlf S(?3fF^SSHl^ 
hn^n 5 3/ :5' IEt!iS„ 

»-rSo ) oigftfc, ii#{ciEittt^*ri-5ECD(cii« 
* fc . E c D {i mm mcma-r^ mz^ * ^ft ^ -y: § r 

ECDOECSfi— Sf^^VT^Vi^ir^S^li: 
ioT, rrT'JiECD<^|gfe«S4^t«8SrBffM<D|gfe« 

(ommzA^A^:hmm=izm^m^xwLm-r^o mi^m^ 

T, CI4ECg^C*^jE£;-r5^fiC<03>'x>'•^^, Rttig 
m4[a(C(i. ECDtCBFf^CDliffiSrPnJElDLfc^<75, EC 

mi^t>:^^^ms.m tms.<Dma^mr tcomm^n^^ix 

?i*J, (A) ©:/7 7{Cl{iECS{-^0^®Ev 1 ;4S;6^:^i> 
oTV^5lll05««i»ttiiA»6>. V 2>V l(D§l#,^lr 
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2 

^>omffi V 2 :as>5»;5»ofem 2 ro^S^^^tte{;lii^i-■5:^-g- 
<^^ffi6«J'teifYt;-4s*S^^, (B) (Dif^yizti (A) t 
I^«cD||l(Djg^*^ffi;0^53, V4<V 1 /i5,«lEv 4:65 

i¥5fe{ct3v>rf±, E cm\zMW^S.v 1 yiS*»*»o-CV^S 

|gl©SS*^*iA^C5, V 2 > V icDK^^^iO 
«JEv 2*S;a^*»o^M2»«^^^tffiicjl#^-l3:5»^ic 
, V 1 &Si^BI*6^ (^WT. ) ;5>e>^SgECDi;ia]A0 
10 :ic0^^^^j#)i^$-1i:5r i:lcJ;o-rECS (sZ^t' 

ffi(;iJ:SS#i|t't4«. 11413 (A) cOfiSi^afcioT* 
i^^ttXV^So ECgtcDJ^amffiv l;OS^»:d'>oT 

\^^'mx<r>WiW&Mii^h. V4<V 1 T^c^mJEv 4:6S*» 
d^':5fcM2tO?e^4^t^(^^^$-ttS«-a-(-t>. v4^3S 
^M*&B# (^FbITo) d^bSI^ECDtCPnAPL, 
^Srl^i^S-arSr tfcioTECg (r'VT'Vf-C) \c 

^#14(4, ^4ia (B) (DfiSilia (Cj;oT«*?$^tTV^ 
20 -So 

mJi^i^v 1 cDHl0Ozi^t*t^;4^P>. 3>'x>'1^C»®/E 

;!iw I <Dm2(Dm^^mAcm^-r^m'^^mi^t-ox^ 
cr)=I>7'^^•^^c<^)ji5^®(^)mBESrv t t-r^tv t fl, 

Vt=V2+ (V1-V2) exp (-t/RC 
) • • • (1) c^J: 9ic^^:5-yr6„ t^oT. Smt 
-r-5«JEv 2 (;iS^i-2>oic^-r -strati R, CO;k:# 

30 m/I;45v 4CD»-a-t.l^1lT-fe5o 

Ld^L. S?^ll11{;i(4— I T O (I nd i urn 
-Tin-Oxide) «11;i5fflv^btu, JifB (1) ^ 

(DRizMit>-ri> no mmmm) wiggtM^siSv^^* 

^rx-, ^&T-(4Bi5]iB*Ev l3!)SR]j!;P^tt-C#btl.?) 
lliroSI^*^«*»P>. V 1 i^9ii5V^«l^v 2;jSPnj!jp$tt 
r#ib^L5^2roS^<^ffii'S^$*5^t'{4. ]^^P^ 

*&^icv 1 J; t)i*v^«ffiv s^ppipb, -:^mmmmm 

40 V l±l9^g;V^«EEv4^S^^P$ttT#f>i^•5ll2<0^ft* 

E C D KWlM-r^ r t T'««5S^le:^-f-S^Pfl?r^^i- 

ttfi, ^4|gtjiflgfi^i-{cJ;oT^t3$nTVx5o 
iiA±Otft§^SO^«4S (A) . (B) X<omhi)^t£Xo 

Ecmizf}^A^^m!£^. wmti-?}ms.v2. V4 

(cPJii^-BrS^-a-f-. V3>V2fo6V^^4V5<V4r- 
fo5J;5''£jS«EV3° V 5^'ECD{cTOPi-5wi:{C 
ioT, ECJi{^;4^;4^?>«i£^gSi:i-5a;iEv 2^fc 
50 {4B4lCi-5©(cSt-6H#P^*5^*K'i5o fiP*J> EC 



3 

T'ivfc*. ECJi(c@^i®jEV2. V 4 ii^±©igfl;il^ 

iD$tb-rECg;iiS$^^l:Lfcf9. gFfM<^mffiV2. V 4 

rcoi^'^iPpm^.ii. Ec«»i)]W«jEv 1 1 mmt^i 

-r 5 r t i 6^ t -r 5 1> COT-fc 5o 

2 wllffi t ^itgs Loo ; i^J±;t!5*^mi::S<Si: . Jitem 
1 cDliJEEiiiS^ 2 roUBE j; 9 <SV^:^-g-tc{4|| 2 cDttJE J; K) 
ffiv^3f^cDiimjE5r. ±|BMl<^fliH;6S||2omJEEJ; ►) 

*tic£:i-5m2romEEi:Jt|S£i-efc4?>, ECgSr^^ft^-* 
*JV>T. 1 0{4±xBUfc?e5l5S^ffi:l^«(CECD<^#?ffi 

lussr-fc?). ci±ECJii;l«•^^;;-r•5^acrc>3>'7'>'•!^ 

, Rnmmmmiznit^-r^t&m^R(Dm.m.x-h^o ec 

s/^l 2(iJilEECDi:SigE$tLfc*jlSS^l 2 a 
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4 

M 1 4 {c^i^^ixfcji^iiffi-? 12b feSv^fiifclSeS 1 6 

fciSiK^Hfcs^ss^i 2 c<o^^-f^^!4»l^^^s^i-e# 

ajEEail4tt. «fefflfiJEVF, ?ifeffl«ffiVR»V^-f 
tt*>-:i^Sr:^-Ys/5^1 2<Z>S«^SffiT-l 2 b(ca;^7-r'5J; 

ffl «E V R J4 E C g JP $ 5 # V ^ * > 5 jft « :bt 
10 ffi«)®JEJ:t)ffi;<. ECDS:^{t:$-ar5rt<C£ 

m.EEit^^ 1 6 tt. 5.5" 1 2 l 2 c 

Itm^'F 1 6 b t ^*L. JtgfS^=- 16atl6bi:fC 

20 bmiIV2 (V2>V1) Ai^ia^tlfzf^2<D&j&^ 

^fe«JEJtt!ii§ff 1 6 (^MsgSiS^ 16b c^mJEV s % V s 
= V2 i L. ^^-f -y^l 2 0*ii4ST-l 2 a irSS^S^^ 

1 2 c t^mmt^o rOB*, SJIJtt!5S§C0A;^'r 

— j^ic:k:tv>/hfc. l 6 a {ci4e Cgjc 
30 i-;i^pi^ECD^«lEI8S"^<0=^>'xV1^C 

2>:fC, mmitg?:^ 1 6 (C*5^^T. SS^ 16a comiiv c 
t«^l 6 bcD«£Ev 2SrJttS5b. ^it|S5ig*dSV c < 

V2(^^-^i;«mffiaSl 4<DfcB;^);45VF t/£?>i 

Vc > V 2(Dm^\^\t.mSMl 4:(Omtlt^^Rtf£^ii 

o\zm.sM\ A^um-t^. (x@i) 

JSfcjC, ^YS'^I 2(0*iiSS8^1. 2 atSS^SS^l 

2 b ir^BlT^HfrBl^i^L,. E CD{CVFfo5V^^iVR<D 
ji«JETOPSr=fT9o • • • (XS2) ECDfc 

40 VF^SppJtlP$ilfc#-&{;i{43i'7'>f-C (ECg) \z.% 

^fe«^:i5_h#i-5o ®[(-ECD(^VR;45p|3;(jp$tLfc» 
'a-}C(±3V7^:^f-C (ECq) tCjES:^;05gr 19. mjEV 
c t^TW L--C E C D t0^feS*-4S|^T-r 5o 

iifctc, xie2©iimffiPn*nrot!)f^^0f^B#FHWo:t#ic 

. 2/5" 1 2«*ii«T-l 2 a tJgS^iS^l 2 c 

Ofiti:V2^ittiJ-r-5o 

^LT. COip^'iJifBXei tX@2^Vc i: V 2 0 
50 «£EcoM^50f^(ofr§®Hrt(cB-rS*-C222{c«b«3 5g 



5 

■to 

-5- LT, V c V 2 OWmoH^s^^coff^fiiHrtJc^ 

S^iffi^l2b, 1 2 c t tSiggit-fSBitfe^^ai: LTEC 
DO|8fe««<DS^%i^7i-5o • • • (X@3) 

ji4S^ 12a t 12b. 1 2 c i: ^m^^miC 

LT-b, ECg©«JE^ V 2MiaroBlf^<DrF^g6ia. gp 

W-iK^iptc. ±IEllJfe^J(c infix H^OECB^jm 10 
^itg^^l 6{iJ;oTlt«5-r5Xei i:, ^ItgS^ 1 6 

(Ditigtm^izm-^ < mms.<r)ma. ^ntt 5 xs 2 

?:>ft-L, iMXe^S^Stc-f^ffl^-yrTV^^Sfcfe, ECSO 
mJEESr?;]^SJEv l^>tv 2-~cD3g^tr@B#PHTt?^$?(C 
t^oTECDOBlfSO^fejg^--CDS^B^FPfl^ 

V c t V - 2 (omR(r)m-im^(off-mmmp^icMi.tc^ik 

(CfcV^Tt. ±iEUfc<t ^TiVc t V 2^ite5-rs»<'p 20 

<«sm-A>(ommx-v c (om^^^t vtLmzum. 3 

Xg3(D-?r®ftb,0*-)'ii LT. ^'l's/^12(c« 
JEv 2/J5pp;t)P$nfcjlS^S^ 1 2 d ^SiJfC^tt. V c i: 

. 1 2 c t 1 2 e^Sicb^^tCVc i: V 2;55^L 

<^£^^X'Ecr)Kv 2^Si*pi-5J;5t-LTtA<, 

^>6^(0^ia-CVcro«;iS^fkL,fc^{c:SS4S^f^l 2 c i: 

1 2 d$rSi^bECD{Cv 2SrS]*Di-5<t 5{-UTt^ 30 

^i<, ^2?g«-»(Dj^^l*WSr^»{c®iit-etSi:V^5 
^iiafi*«?^(D-*Jt0t|{cj;5:^ffiSrl hfflL;fc3£B 

o«fi!ciii. m2mcimmm<r)i'fm^7ik-r^yy. 343 

llI{i*^B^S.UJtie3tSS^IftC'»^ECD»^ffi[H]S&ll. ^ 

1 0 • • • ECD#ffi|H]S§. 1 2 • • • 1 4 

• • • mSEm. 1 6 • • • 

□ EA/: j i (T) 
(A) (B) 
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«l « 

O 3£ ft « a C i-&a(209£El:^lt«Uo 

±esi o«sfc92om£^«>24sm£«>eF 

— 181 



•r*ECDciamffi*«iJto-r«ctcj:-9T. 

-lac. E C D tt^«t < t 
a%9^1H (JUT. Ecni:««i-&. > £:iF»i& 

54 «sn c Qi jD -r « 2: % & u . %«tt«> 
•e A * . 
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UT. ft 3i£ c « «t « e: c 0 o 3ft&iKattS «ai 

CiT. ECD<0ECJ■tt-|lO3>5'V'!^k 
J: ^ T . j:i c T? E C D o56feaiff ttffi^flfsa© 

qir^. 0K:«v>r« cttEcj|c»jcr«$fi 

R © T * ft , 

ECJBCA^^'ftQEEVjiVfiEOQljtai^raTfe 

oRffi^c^iFnTif^ft. 

«r^« (A)0^97CttECflCaiJi« 
BEV 1 i(<4k^-9TV«ftSi «>« a 4C S ^ 6 « 
V 2>V 1 onflkfr^-^VSV 2^4r»«»9feB2 



»iaiB64-31131 <2) 
o ii ft «t B c m B-r ft«««)i$Rfi4i^ftft4<jj^» 

n« (B)0^97Ctt(A)fc|Biai«>SilO« 
ftttSA^e* V4<Vl^ftfiCSV4ifif<;»^jfr^-9>^ 
B20{flia«tjBC39-rft«rafl^^£4b^a^«n 

r ft , 

^•9TV^ftBl OjflKI*ai*»6» V 2>V I OPQ 
atr^oSfiEv 2i(C^jar»9iS:92«>|t|ftUSi::a 

»**ft«^c, v2«-af0raj6^(^raT. > 

^tCJt■»TECJa(3i/5'>1^c) c*»**ft^ 
BE4rV2c9S«i»Tir^fe. iiojri^cjiftas 

TV^ft. *fc. ECAe|DJIIia£V14Sjfii^i^9T 
V^fta9loaft«(B^ev V4<VI<iftSff 
V 44<^j0f^,ftB2O«|ftUSK:9S««ft«^ 

cik. V4«rai9ntt8» (i»nT« > A^&^st 

ECDCmiBL. CO«(fi%»lt««ftCfcC 

V4C38»i»T^9. c o:^ r: J: ft 



tt. »4a (B) <OttttaCj:o-C*t>*nT^^ 

ft . 

M«omjEEdK V ] OS 1 «>aft«es4» 6 V as^** 

>1^Co«BE*^v 203B20«iSttJSta»i-ft 
«#«r«Ctor*ftk, 3>9'>*CC«£E 

4IO«fiE«rVti:-rftJtVttt« 

Vt- VI+ (VI- V2) .xy (-t/RC) -.(I) 
<f>X^tl^t>^^^ «-»T. Seikrft«flEV2 

cJiS-fftocfPi-fti^BattR, c<o:*:ft*e 
^-^X^t^ztiiiiytp^^. t^^ft^, a«i:-r 
ft«£«cv 4«)Jl#<>|q«*e«ft. 

U » e tt-lttC I T O Oll41»- 

Tiii-Ox]40)««^« v% 6 n« Jb«U) SCORcjtt 

Sit ^ I TO (a^'sa) osia«4tsv%«r<&. 

Cftaa «^6»t»«»ftJ:^C E CJiCA^d^ft^JE^-a 

»«♦ftocftl»B*»•rft^:^^^^JS^f*o 
ft . 



V 2^QiiD«nTff&nftai2«>BB4(Sca^ 

««ftR8lCtt. 99Battli»CV2J:9Kv^mS 

V 4^^itD^tiTnienft92<Diftstxacii9 

^«ftt5<:i±. CSV4i:!>fiv>m£vs^ 
£CDCQ)ft-rftC£:r«fta8cSi-ft^B^ 

Htt-rfti:ir^9^i£^ftM»nTir^ft. co>Gr^ 

Ci:ftii9«tttt. S4H4-«aibCJ:-9T«l> 

* n T Ir^ ft » 

^iStJ^^C^ ECJBCA't^ftffS^^ glSk-Tft 
affiV2. V4Cfiiil««ft||^C. V3>V2 
iftftlr>liV 5 <V 4TAfti:9«riitt£EV 3, 

V9«rECOcQi|ar«cfccjtoT« ecaik: 
d^^fttts^safci-ftisffv 2 t It ^ V 4cr 

ftOC»Tft«n*«m<fv<^^. gi^^ ECD05 

B aafttts^oascs-Tftssi^fg^iattT 

^ft£2il:«9fe. 
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SV2. V 4 jta « n T e C Ji^^ 

*3Bqitt. a^.i* « c « A T <r * n fc «> r * 
O T A « • 

c n B jSi % » -r « « o ^ B ] 
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£EJ:0iBw^iadCtt92Ol3fiEJt9S(r^m£<0ifl 
«£E«. ±eBlO«ffi»c32«>«Si:0Svx« 

t : ±gSS 1 0«S^B2(09I£2:02«tm£0 
fflF « e ffl » U 2^ ^ . ±£lA3£<oQ]jto«ff 



9sn c 




4» 9 T lr> « 




m 


SOS 




its c JC 


r*»2o«fffctt«-r* 




lt> . E 


c 


B ^ ^ ^ « 




Q] 






h «» ^/ < . 




If 


^ A « 




t: 2: « « • 






ft 




B&nc tt 








n 


« <b . B 


2BS^oa9B»m o « B B 




B 


n « c ^ 







[ ^ftA ] 

UT* *BBO-jlBB<r«<tBB<:#aib«p 
^6SIPBCKBT«. 

^SB^C«lM^n«KS (OB) O m A vt ^ 
^J81BCECD09BI9BT»9« cttECBC 

a;^ ft filttt R o fitt -e ft & • ecDo-^«>B 
t2acmtt^nrvx«« 

^^9^1 2tt±SECDl:filS«nfelliiB 
^1 2.%«U. BI^BB'T^l 2al:»B^&B 
^ t X . mSBl 4CttB«nitaBB'7' 
1 2bft&v^liitBSi 6Cttil«nfeB«B^ 
1 2cov^r4i^i^fir«B^'C»«J:^CBj£« 
n T V^ S . 

IS £ B 1 4 tt « « fr B «SV F. ffi6BB£E 
vRov^•fna^ — 2«>aiKB-T' 
1 2bCtB^'r«Jt9K:BjA«rnTli9. Bfeffl 



BSV FttECBC^Ai^na^fc^^i'^ftBB 
ttB«>«SJ:OB<. 6 E C D 4r^^« « « 

V RUE Ciec^|D«n%K«W^^jS»^BflC1ilS 
om£EJ:9i&<. UA^^ECD^-^ftSitftiik 
O^^w^BSfflcB^^tiT^^ft. 

1 2ct:BB6tifeltaB'fl 6at:. BBBS 

-e » « J: rTC-a A* XccoitBISftci^^ 
)r^T±SBSBl 4irk6BA«n%BS^* B& 
filBSV FtiBftBBBEV RO^«6^-^«ra 

Ifc c . E c a c V 1 Blip n » 1 «5 « 
SttBd'^Qffiv 2 (V 2>v I ) ifi ^ m ^ tiii 
92<0BlS«(ScilST6ll6<i!>Bi^«rB2B«: 
^fSb^Ac^^-XaoBfirB^TaBTS. 

feB4BI:P3B.C. ECBCi»4^&BSVI:BS 
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V c 4c S n « « 

iftCVP2:^&J:^C, Vc>vao«#K:tt«flE 
fit 4«>ffiAd<VRI:i»«J:9Ctt£«1 4 

mr ^. ' • • 

V^ttVR«>ii«£EQ|Jhl«fTO. • • • (ia2) 

«<±^-r«c l:CJ:9TECDoXftaK4<i:# 

Eca«>«fiEv2^«rttttai sc^^rttR-r 

«mffv 1 A^ev 2-voas*fii*n8TA»cff 
ft A. . ft o T E c D omao ft &as^o99^ 

ra «r AM" C JBI8 -C 

» ft < . V c fc v~2 o«ffosi*mso»sfieB 

i fc ., I S 3 o ^ o i& o :ifir fi^ t b T , X 9 ^ 
1 2tr9£EV2«s9Jta«ttfc3BIRa^t 2d«a] 
ca*:^. V c k V 2 0«ffi0S AC-flmffi<0»S 
a B 1^ c aufeft&ur. a^i ac|:l 2d«-tt 
llt.3S#CVel:V2i(C9U<ft«*TECDC 



^130364*31131 (4) 
iltiECDcvR^cgi^^tifeV^ctta 

V^'V^C (EC a) Ctt««cfic9, affiVc 
«rT»brE c ooJB6«lSj»(BT-r«. 

IX c . X & 2 o « fiE ^ jb <D e f): m £ 6$ pg 

fr-^teac^ I9c^x^^^i ao^iisa-T-i 2a 

•eUT. iiOJ:^ftJ:SX8i t X & 2 ^ V c t 
V 2o1ESoll^c/9r£oft««ffli^ciirft<tf 

* 1/ r , V c t V 2 (O-S ffOHiCBf goa^SK 

t2««rir>'rnoaiX«-7^l2b. t2c<:titt 
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